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ABSTRACT

The final report of work performed under the Crustal Studies
Contract AF 49(638)-1588 is divided into two main areas: (1) theoretical
dispersion calculations and experimental measurements of the fundamental
Rayleigh wave at the Large Aperture Seismic Array (LASA) in Montana,

and (2) a study of teleseismic signals using anaiog model data.

Two earthquakes, recorded on the long-period seismometers
at LASA, were used for dispersion analysis. Epicenter~ of these (wu events

were located off the northern California coast and in the Greenland Sea.

Good agreement in the dispersion estimates was obtained
using three recording stations. The significance of the results, which
covered a frequency band of 0. 025 through 0. 0625 cps, lies in the fact that
this frequency band is, theoretically, where the greatest dispersion occurs.

The results obtained agree qualitatively with previously known results.

An analog model having a crustal layer with an abrupt thick-
ness change (3 to 5 cm) was used for studies of surface-wave scattering
from surface irregularities and a lateral inhomogeneity. The analysis of

surface-wave scattering was a continuation of work previously done.

The model also was used for a study of teleseismic signals

by placing the source crystal on the bottom of the model.

For an upcoming-plane P wave, reverberation effects, the
lateral inhomogeneity (inciuding the expected focusing of energy into the
thick end by the dipping segment of the crustal layer), and P- and S-wave
conversions at the crustal layer interface caused a complex interference

pattern that was observed on the surface recordings.
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SECTION I
SUMMARY

This final report of the work performed under tne Crustal
Studies Contract AF 49(638)-1588 is divided into two main areas: {l) theo-
| retical dispersion calculations and experimental measurements of the funda-
mental Rayleigh wave at the Large Aperture Seismic Array (LAS2) in
| Montana, and (2) a study of teleseismic signals using enalog model data.
‘ Primarily covered in this report is work not discussed in the Crustal Studies
Annual Report (January 1967);1 nowever, the summary of the annual report

is contained in the Appendix.
A. DISPERSION ESTIMATES

Two earthquake recordings on long-period seisinometers at
LASA were used for dispersion analysis. Tne epicenter of one event was
located off the coast of northern California and has an epiceutral distance of
about 180C km; the epicenter of the other event was located in tl.e Greenland
Sea and has an epicentral distance of approximately 5000 km. The vertical
component of motion was used to estimate dispersion. By time-partitioning
the Rayleigh-wave portion of the seismograms and computing transfer func-

tions between pairs of stations (seismometers), the phas= velocity of the

fundamental Rayleigh mode was determined. Dispersior. cesults obtained

using pairs of stations showed Jarge variations.

To improve the dispersion estimates, three recording sta-

tions were used so that the direction of propagation of the surface wavefront
need not be known exactly. The variation in dispersion estimates obtained
from several three-seismometer sets was greatly reduced for both cvents,
compared to the two-utation results. Thcore was approximately a 4-p2rcent
variation of the phase velocities computed from both events, using the tri-

angulation system,
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For the California event, seismometer stations were selected
s0 that independent measurements could be made for LASA-north and LASA-
south. The dispersion results showed a lower velocity at 0.0625 cps, the

highest calculated frequency, for LASA-south than for LASA-north.

The variaticn in the propagation vectors at diffrrent stations
agreed closely with that expected from a wavefront originating in Northern

California.

Propagation vectors computed using the Greenland event
showed a wider spread than those computed from the California event. This
was partly due to the fact that the propagation vector was close to one leg
of the triangle used — a poor arranger.ent for computing the angle of the

propagation vector,

The experimentally cetermined propagation vector of the
California event differed from the assumed great-circle azimuth by approxi-
mately 5°. The importance of the three-station estimates is noted; and the
relatively poor results of the two-station estimates are attributed to an un-

certainty in the direction of wavefront propagation.

The results obtained from the two events agree qualitatively
with those of Steinhart and Meyer. 2 After the dispersion estimates were
made using three recording stations, the LASA crustal model was perturbed
to obtain bette. agreement between theory and experimental dispersion data.
The model perturbed was based on measurements of Steinhart and Meyer.
The results obtained cover a frequency band of 0.025 through 0.0625 cps.
Theory predicts that the greatest dispersion for the fundamental Ravleigh
mode can be observed in this band, and tl.us some significance can be

attached to the results.
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By using more events, phase velocity estimateions can be
made to give a more detailed analysis of LASA. A contour map of LASA,
made with velocities computed using a tripartite system of recording, could
be constructed for all of LASA. A complete crustal mcdel for LASA then
could be obtained by inversion of the dispersion results. This is recommended

for a future study.
B. ANALOG MODEL STUDIES

An analog model having a crustal layer with an abrupt thick-
ness change (transition zone) was used to perform scattering studies. Data
was recoraed (along the top of the model) with the source located on the sur-
face of the thick (5-cm) end of the model. Theoretical travel times were

computed and compared to measured values obtained from the records.

Some refinements were made in the analysis performed on the
recorded data using surface scatterers. 1 For this experimental setup, two
small brass scatterers were used. Each scatterer was centered on the thin
(3-cm) end of the analog model, which became, in effect, a single layer with

a surface irregularity over a half-space.

Vertical recordings were made along the surface of the model
with each scatterer in position. Wide-band velocity filtering results showed
that the only observable scattered energy from the incident Rayleigh wave
was a backscattered Rayleigh pulse. Power spectra were computed for the
incident Rayleigh and backscattered Rayleigh waves. The values of power
spectra of the backscattered energy were typically 18 to 36 db below the

values of the incident energy.

Transfer functions which change the incident Rayleigh energy
into backscattered energy were computed for each scatterer. The transfer
functions indicate that higher frequencies interact more with the scatterers

than do low frequencies.
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The effect of a lateral inhomogeneity in a layered crust on an
upcoming plane P wave was studied by attaching the source crystal to the
bottom of the analog model. Horizontal and vertical recordings were made
along a 40-cm interval on the surface of the model. The reccrdings were
made 20-cm ei.ch side or the transition zone's center. Theoretical travel

times were computed for several arrivals and compared with measured values.

The effects of the lateral inhomogeneity on the upcoming wave
were observed on the output records. This complex interference pattern
includes the expected focusing of energy into the thick end by the dipping
segment of the brass layer, P- and S-wave conversions at the crustal layer

interface, and reverberation effects.

Theoretical horizontal and vertical amplitude spectra for sur-
face displacements were computed for an upcoming plane P wave for two
mathematical models. The models used were for a layer over a half-space
and correspond to the thick (5-cm) and thin (3-cm) ends of model H-6.
Calculations were made for phase velocities of 25,10, 33.15, 49.39, and
98.38 mm/usec. Seismograms for each layer thickness (3 cm or 5 cm) and
for each phase velocity were obtained by Fourier transforming the amplitude

spectra.

Comparisons were made between the theoretically computed
spectra and experimental spectra. Two difficulties occurred in attempting
this comparison. First, the experimental-source spectrum was very narrow-
band, so one would expect to see only two or three peaks in the frequency
band where energy was present. Second, the source spectrum was highly
peaked, making it difficult to determine if the peaks were due to the shape

of the source spectrum or to the layering effect.

To obtain a more realistic comparison between theory and ex-
periment, the theoretical spectra were shaped with the P pulse observed in

the steel half-space of tne model. The theoretical vertical spectra were

I-4 science services division




notably smoother than experimental spectra. The complexity of the theo-
retical and experimental horizontal spectra was comparable. The horizon-
tal spectra showed more structure than the vertical spectra. In both cases,
where power was concentrated in the frequency band, there were noticeable
peaks in the curves which were comparable to peaks in the experimental

spectra.

To eliminate adverse source-receiver spectral interference
and to isolate the fine structure caused by crustal reverberation, the experi-
mental amplitude spectra were whitened by application of the inverse P-pulse
spectrum. The results indicated that the reverberatory character of the
theoretical data was not present. There are three possible reascns for these

results.

First, the placement of the receiver transducer might be
slightly in error. Theoretical amplitude spectra were computed for a re-
ceiver 2 mm below the surface of the model. Results indicated that the
change in receiver depth did not critically affect the spectral structure in

the frequency band of interest.

Next, the possibility that the epoxy bond at the layer inter-
face might alter the spectra was investigated. Results showed that a thin
layer of epoxy bond can exert appreciable influence on the magnitude of the
peaks, although the relative position of the peaks remains comparatively

stable.

Finally, the presence of the lateral discontinuity in model H-6
made a legitimate comparison of these spectra possible only at the lowest

phase velocity.
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SECTION II
DISPERSION ESTIMATES FOR LASA

A. LASA CRUSTAL STRUCTURE

The Crustal Studies Annual Report1 presented LLASA high-
frequency dispersion and excitation curves developed from Steinhart and
Meyer's 1959 measurements of the Montana crust. 2 From that 1959 in-
vestigation, two essentially different crustal models are derived. On of
thc models corresponds to the crust under the southern part of the Large
Aperture Seismic Array (LASA) in Eastern Montana, shown on the map in
Figure II-1. The other model corresponds to the crust under the northern
part of LASA. Physical parameters for the LASA-north and LASA-south

crusts are given in Table II-1.

The upper three layers of the LASA-south crust were used
for the high-frequency calculations in the annual report, and the entire
crustal model also wvas included in that report for completeness. Low-
frequency normal and leaky -mode dispersion curv-s werc determined for
the LASA-south crust (Figure II-2)., Figure II-3 displays the M1l shear-
mode dispersion between 0.0 and 0.1 cps for the LASA -north crust,

B. LONG-PERIOD LASA EVENTS

Dispersion analysis was performed for two earthquakes
recorded by long-period seismometers at LASA. Three channels of long -
period data (vertical, horizontal N-S, and horizontal E-W) were recorded
at each subarray location. Figure li-1 shows the locations and station
codes of the 21 three-component systems, and Figure II-4 gives the long-

period seismograph response of the system.

The epicenter of the first event was located off the coast of
northern California and had an epicentral distance of about 1800 km, Table {

I1-2 describes associated PDE (Preliminary Determination of Epicenters)

II-1 science services division
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Table II-1

PHYSICAL PARAMETERS FOR LASA CRUSTAL MODELS

(a) LASA-South

Compressional Shear Layer
Velocity, a Velocity, B Thickness

Layer (km/sec) (km/sec) (km)

1 2,60 1.50 0.3

2 3.70 1.85 3.0

3 6.08 3.51 20.0

4 6. 97 4,02 17.0

5 7.58 4, 38 10,0
Half -space 8.07 4, 66 o

(b) LASA-North
Compressional Shear Layer
Velocity, a Velocity, B Thickness

Layer (km/sec) (km/sec) (km)

1 2, 60 1,50 0.3

2 3,70 1.85 2.0

3 6.08 3.51 15.0

4 6.97 4,02 17.0

5 7.58 4, 38 23.0
Half -space 8.07 4, 66 ©
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Loucation
Date

Origin time
Latitude
Longitude
Magnitude

Depth

Tabie II-2

ASSOCIATED PDE INFORMATION
FOR
CALIFORNIA EVENT

Off Cuast of Northern California
11 November 1966
X
18:21:05
40.3 N
127.1 W
4.5 (CGS), 4.9 (BRK)

33P

*
Indicates an estimated accuracy of 0. 5° in latitude and
longitude and 50 km in depth

1I-7 science servitces division
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information for this earthquake. Vertical, horizoatal M-S, and horizontal

E-W seismograms of the event are shown in variable-area display in

Figures II-5, II-6 and II-7, respectively. Table II-3 gives the channe!l
identification, distance, and azimuth of each recording station. P and S

arrivals are seen on the vertical and horizontal E-W recordings, followed

orientation most nearly transverse to the direction of propagation shows

significant Love-wave motion. Higher order modes are not visually

l
l
l
l
l
l
by a large amplitude Rayleigh wave., The horizontal N-S component with ‘1
l
apparent on tiiese recordings. 1

Power spectra for four stations were computed for this
event and are shown in Figure II-8, These spectra show that the bulk of
the energy lies in the 0.02- to 0.08-cps frequency range. Superimposed on
each of these curves is the response for the long-period seismometers used
to record the events. Note the good agreement of these two curves in the

frequency range where most power lies.

The second event's epicenter was located in the Greenland S<ea,
and the epicentral distance was about 5700 km. Table II-4 describes the
associated PDE information. Vertical, horizontal N-S, and horizontai
E-W seismograms of the event are shown in Figures II-9, II-10 ard II-11,
respectively, Table II-3 gives the distance and azimuth of each recording
station for this event. An examination of these recordings shows multipl~z

P and S arrivals, followed by a well-defined large-amplitude Rayleigh

wave .

Power spectra for four stations of this event are shown in

Figure II-12. The energy is similar to that of the California event.

C. TWO-STATION DISPERSION ESTIMATES

The vertical component of the California event was used
for dispersion measurements. The Rayleigh-wave portion of the seismo-

gram was time-partitioned, and transfer functions were computed between

pairs of stations (seismometers).

II-8 sclenice services division




JudAY ®'IUIOJI[®D) Y] JOo sBuiproday werBowsiag (113194 G-I 2andig

B AN
i lAAS y

—— J\(\.‘ K -
.«.«.}f .

i I XA A

i Al e

wiid i) )5 sunen u

SRS R AN NG 3 0 T

HOITIAVY

STINNVHI

science services division

iI-9




UBAT ®ILI0II[P) 33 JOo sBulprodsy weaSowsiag S-N Te'uoZ110:g

.v_ z__zN T

|- | | | ! ! | 1 {
P \(\((.g
{{/’\(’({l’\l\l{({!i‘)\({\({\”\(

"9-II @an31y

.‘l’)(’\-. ‘)l‘l\’ P . )= A
Y Yy v v N e ———.. - -

- \/I\.(.(.‘.l...‘/\‘\(ll\l

oy g e g

lv.\-. A A

- ad MLl o e -

— L ond a0 LA e B

thennd A 1140 & <

( v ‘)‘ ‘ - -
o 1»4(‘.((.(‘\(‘

—y vy VY

e A B (((‘l(((( (\'

STINNVHT

science services division

II-10



&

juaAy ®erulo3ITE) 3Y3 JOo s3urpiodsy weaSowsiag g - [eIUOZIIOY 2 -] @1081g

[T A A IR B A A
2\

SN e ———— Ty 3 N————r ~— o
——" ) A e Kl s
‘41((”.(,4..(,( ((/‘ -

—~— )))).))\\/,\,CC ——

1
STINNVHI

Ay ) — o~ <

NN
EEE B RN TG0 e 0 RS RN LA REME O AL RSO RPN

HOITAVY

sclience services  lvision

II-11



Table II-3

CHANNEL IDENTIFICATION, DISTANCE, AND AZIMUTH
FOR CALIFORNIA AND GREENLAND EVENTS

California Event Greenland Event
Channel | Station | Distance | Azimuth to Epicenter | Distance |Azimuth to Epicenter
No. Code (km) (°) (km) (°) .
1 Bl 1835.71 254,62 5754 .40 19.70
2 F3 1739.99 255.92 5861.48 19.28
3 Fl4 1795.33 a1.21 5707 .24 19.69
4 A0 1824.21 254.65 5764 .42 19.65
5 B3 1816.36 254 .62 5769.93 19.62
6 c4 1814 .43 254.29 5763.43 19.63
7 B4 1825.03 254 .36 5756.64 19.67
8 c 1835.67 25L.29 5746.19 19.71
9 c2 1839. 14 254.99 3761.02 19.69
10 82 1827. 04 254.91 5768.50 19.65
1 c3 1818.85 254.99 57T77.11 19.61
12 03 1801.08 254.76 5785.59 19.56
13 Dk 1820.09 253.60 5742.04 19.68
L 0l 1853.17 254.61 5740.03 19.76
15 02 1834.56 255.54 5778.39 19.65
16 E3 1800.84 256.29 5323.76 19.4y
17 E4 1775.37 253.46 5774 .65 19.52 |
! El 1850.90 253.34 5710.53 19.31
19 Fl 1920.49 253.87 5666. 38 20.06 :
| 20 E2 1682.92 256.34 5760.65 19.79 |
| 2] F2 1859.01 258.13 5826.92 19.60
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Table I1-4

ASSOCIATED PDE INFORMATION

Location
Date

Origin time
Latitude
tongitude
Magni tude

Depth

FOR

GREENLAND EVENT

Greenland

Sea

18 November 1966

18:48:43.9

73.4 N
6.8 E

k.9 (cGs)
33 R
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The phase velocity C(f) was then determinea using

2TfAY

Clf) = 37— 8(f)

where

8(f) is the phase of the transfer function
N  is an integer

AX is the difference in the computed great-circle distances
from the epicenter to the individual stations

i e BT s M i

As seen in Figure II-13, tne dispersion resul‘s obtained

sobbiberdabaradil

from four pairs of stations show a large variation. Since the agreement
between the estimates was poor, additional dispersion estimates were
obtair.ed using other pairs of stations. The var itions were, in some cases,
even larger than before, ind no apparent systematic change was determined

which would indicate lateral crustal changes across the array.

The AX factor computed in the above manner is valid if the
epicenter of tae event is correctly known and if the waves propagate along
a great-circle path. It is weil known that latera! refraction may occur,
causing the wave: to arrive at an azimuth which deviates by several degrees
from the computed great-circle path.. However, this effect may be small
when using the large wavelengths measured here. The USC&GS epicenter
determination (Table II-2) indicates an estimated accuracy of 0.5° in
latitude and longitude for this event. This uncertainty in the comguted
great-circle path due to lateral refracticn and epicenter -location error
may be removed by a triangulation tecanique using three stations, as

explained in the following section,
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Figure 1I-13. Rayleigh-Wave Dispersion Estimates Measured frcm the
California Event Using the Two-Station Method

1I1-20 science services division




[
-

5

D. DISPERSION ESTIMATES USING THREE SEISMOMETERS
l. Theory

When the propagation direction of = wavefront is known
exactly, rhase velocity estimates for plane waves are computed accurately
by Fourier tranform methods. } However, errors in the direction of wave
propagation lead to incorrect results (Figure II-14), The apparent distance
traveled is a function of the angle between the true direction and apparent
wavefront, The apparent velocity is therefore higher than thc actual
velocity; hence, the time required for passage of a phase bet'veen two

seismometers appears less than the actual time required,

To remove uncertainty in the true wavefront direction and
to improve dispersion estimates, three seismometers were used, The

4
‘ idea follows that given by Knopoff and is briefly explained as follows.

Consider three seismometers located as shown in Figure II-15,
* 3

{ Let V be the true phase velocity vector which is unknown. In order to deter-

mine \'}. it is necessary to determine the scalar magnitude V of i and either

®, OT ¥, the angle between the phase-velocity vector and Vl or V2 » respec-

tively.
For a given phase which passes Sland SO' let Vl be the time
l required for the phase to pass the distance from Sl to So. Define V2
similarly,
It then follows that
V.=V, cos g (2-1)
V=V, cos o (2-2)

2
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Figure 1I-15., Use of Three Seismometers to Measure Phase Velocity
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Since V is common to both equations, the equations may be used to solve for

V. First, let X = Cpl + ﬁPZ. and from Equations 2-1 and 2-2

Y,
v

cos @,
2

Hi

cos ¥ cos cpl + sin X sin cPl

v 2
v, cos X + 1 '(V/Vl) sin ¥

1

Some algebraic manipulation gives

. 2
c
+1 _2°5X+51“X

\'4 2 -
VIZ VZZ Vl 2 v (2-3)

Solving this equation for V and simplifying gives

(2-4)

Vl and V2 are measured quantities, and X is determined from the array

geometry,

After V is calculated by use of Equation 2-4, ? and ®, are
readily determined from Equations 2-1 and 2-2. Hence, the true phase-
Y
velocity vector V is determined, knowing neither its magnitude nor its

direction.
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v1 and V2 is determined by use 5f Equation 2-3. From Equation 2-3, after

differentiating and rearranging terms,

The effect of small first-order errors in measurements of

d av

dV - 1 Ccos X vl 1 _COS X 2 (2_5)
sin” xS s |\ - = GV ) o
v 1 2 V]. 2 1 VZ

Thus, errors dV, and dV2 made in the measurements of V. and V_ cause

1 1 2
a change dV in the true phase velocity V. Multiplication of botn sides of

2
Equation 2-5 by V /sin X and algebraic manipulation gives

dv av

sin X —; = cos @, sin(X‘col)_y‘ v OE) @ 9e (X‘wl)‘v (2-6)
1 2

Thus Equation 2-6 shows that dV/V is actually dependent on dv, anddv,

by a weighted average of the small changes in the measured velocities Vl

and V2 .

1
of V. Similar manipulations show that the smaller sz, the less the

The smaller ®, the less the influence of V2 on the computation

influence of V1 on the computation of V,

Best results can be obtained by choosing one of the zeismom-
eter legs to lie close to the great-circle path of the surface wave in
question, thus making the contribution from the other leg small. This is
desirable since the computed phase velocity may be associated with the leg

in question rather than the entire array.

The chief advantage of using three seismometers to make
dispersion estimates is that the propagation direction of the surface wave-
front need not be known exactly, which is often the case for earthquakes.
This method may be extended to incorporate more than three seismometers

to compute phase velocities.
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2, Applications and Results

A flow chart of the dispersion analysis process performed on

the LASA data is presented in Figure II-16.

The transferfunctionb between pairs of stations was esti-
mated ard apparent phase velocity determined from the phase of the
transfer function. Power spectra and coherence were used to determine
qualitatively the significant range of the phase data. Three stations were
then used to determine the phase velocity and propagation vector from the
apparent velocities (described in the previous subsection). The three-
station dispersion-analysis results for the California event, along with
the stations used, are presented in Figures II-17 and II-18. (The station
listed first is at the vertex,) Also shown are the theoretical dispersion
curves for the LASA -south and LASA-north crusts, which were discussed
previously. Station locations are shown in Figure II-19.

For the California event, th: propagation vectors computed

using the triangulation method show a station-to-statior spread of approxi-

mately 6°, which is in agreement v/ith the expected variation due to the
curvature of the wavefront reaching LASA ‘=2~ N¢ ..hern California. The
difference between the propagation vector and assumed great-circle azimuth
is approximately 5°, explaining the large amount of scatter observed in the
two-station estimates and emphasizing the importance ot using three stations
for phase-velocity determination when the epicenter location is uncertain or

lateral refraciion i~ suspected.

Stations located generally in the northern or southern portion
of LASA were chosen for use in the triangulation method. Results shown in
Figure II-17 are for the northern portion of LASA, while the dispersion esti-
mates computed using station F3, E2, F2; F3, D2, FZ; and F3, E3, F2
{Figure II-18) are for the southern portion of LASA. Curves E4, El, Cl
and D3, C2, E2 (Figure I1I-18) are for northern LASA and central LASA,

respectively. , i
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At the highest calculated frequency, 0.0625 cps, the velocity
estimates show a definite pattern. The estimates for LASA-south (Acme
Pond shctpoint) are approximately 2 percent lower than those for LASA-north
\Fort Peck shotpoin*). The mecans of the computed velocities differ by

0.07 km/sac. This result agrces qualitatively with the LASA-north ¢nd
Z
1 ASA-south models of Steinhart and Meyer.

For the Greenland event, the dispersion estimates shown in
Figures I1-20 ond II-21 also agreed closely with those deterrnined from the

California event.

Propagation vectors computed for the Greenland event showed
a wider spread than those compnted fromthe California event. This is partially
tecause the propagation vector in some cases lies close toone leg of the triangle
tormed by the three recordiug stations which comprise tnetripartite system. The
calculation of the anglus ussociated with the propagation vectors is susceptibie
to errors when this is the case. .'hese errors increase as the angle between
the two legs of the tripartite systemn decreases, as especially observed in the
resul.s from the Greenland cent. For example, a l-percent change in V1

caused up to a 15° change in the angle of the propagation vector.

Total variation in the phase velocity compt ted using both
events was approx_r.ately 4 percent, which is consider=d excellent agree-
ment. The variation is even less at 0.0625 cps, when LASA-north and
LASA-south estimates arve considered independentl;. Experimental
curves computed for both events lie somewhat above the curve for the

LASA-north theoretical madel.
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E. LASA PERTURBED MODEL

After dismersion estimates were made using three recording
seismometers, the LASA crustal model was perturbed in order to obtain

better agreement between theoretical and experimental dispersion data.

Data inspection revealed that the most appropriate crustal
model from available observations was some variant of the LASA -north
crust. This LASA -perturbed crustal model was obtained by vaiying the
shear velocities in layers 4, 5, and 6 for the best mean-square fit to the
experimental dispersion points. The model parameters are shown in
Table 11-5. As in a previous report, ! a study of layer derivatives
(dc/dBi) reveals that the shear velocities in layers 4, 5, and 6 are of
greatest importance in obtaining agreement between theoretical and

vxperimentially computed dispersion curves ii. his frequency band

(Figure II1-22),

The M11 dispersion curve obtained from the perturbation

of the LASA -north crust i8 shown in Figures II-23 and II-24, Also shown

in these figures are the criginal curves.

Maximum variations in the experimentally determined

dispersion curves at four frequencies are indicated by the vertical bars on

the same figures.

F. CONCLUSIONS

By using the triangulation method, much better agreement was

obtained in the dispersion analysis than that obtained when only two recording

seismometers were used. Uncertainty in the propagation path may cause
large errors in the computed dispersion curves, but this uncertainty is
satisfactorily resolved by the use of the triangulation method, Extensions

to the use of four or more recording stations for dispersion estimates

might prove feasible.
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